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Fuels and chemical feedstocks are important commodities which direct impact on 
the development of society. Since the beginning of the Industrial Revolution, fuels and 
chemical feedstocks produced from fossil fuels such as coal and oil have dramatically 
changed every aspect of human life and lifestyles. On one hand, fossil fuels are vital to 
our society and necessary for economic development. On the other hand, the 
combustion of fossil fuels has resulted in serious environment pollution such as air 
pollution, water pollution, and soil pollution. As we all know, carbon dioxide emissions 
from fossil fuels use have rapidly increased its concentration in the atmosphere, leading 
to global warming. These issues must be addressed as soon as possible in order to 
increase standards of living and ensure future generations a sustainable living. Indeed, 
research developments for production of fuels and chemical feedstocks from “green” 
energy sources have been studied in the last decades. 
Syngas, a variable composition mixture of carbon monoxide and hydrogen, can be 
produced from many carbon containing sources including traditional fossil fuels and 
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“renewable” energy source like biomass. It is well known that biomass refers to plants 
or plant-based materials which can be regrown in a relatively short time. The carbon 
dioxide as one of the emission gases from biomass burning is which absorbed from the 
atmosphere by plants during their growing. As a result, the carbon cycle theoretically 
remains in balance, and no extra carbon is added to the atmosphere. Therefore, 
producing fuels and chemical feedstocks with syngas as intermediate is environmentally 
friendly and politically attractive to all countries of the world. 
Currently, the syngas is highly desirable for the industrial production of many 
valuable chemical products such as methanol, ammonia, light olefins, dimethyl ether 
(DME) and synthetic hydrocarbon fuels. Generally, the different chemicals could be 
produced by different processes. Since 1923, the Fischer-Tropsch (F-T) synthesis has 
been used for production of liquid fuels from syngas. Recently, the F-T synthesis is also 
used to synthesis light olefins (C2 to C4), which are widely used in the synthesis of 
plastics, drugs, solvents and cosmetics, by using other catalysts. High alcohols can be 
produced from hydroformylaiton syntheis, which consists of direct reactions of olefin 
and syngas. Chemicals containing the acetyl group are produced through the 
carbonylation process. In these processes, the high performance catalyst is the key to 
further improving the efficiency of reactions. Therefore, in present work, we mainly 
focus on the design and development of high performance catalysts for the conversion 
of syngas to valuable fuels and chemicals. 
In chapter 1, the syngas was used to produce long-chain hydrocarbons through F-T 
synthesis. It is a significant pathway to obtain the valuable chemical products and liquid 
transportation hydrocarbon fuels from the alternative carbon sources. In this chapter, we 
prepared a high performance Fe-based catalyst directly through a novel modified 
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sol–gel autocombustion without further reduction. First, this Fe-based catalyst can be 
directly applied for highly effective FTS reaction without the complicated and energy 
consumption reduction process. Second, as we proposed, this new catalyst showed 
higher FTS activity than that of the conventional co-precipitation catalyst. Last but not 
least, this sol-gel autocombustion catalyst synthesis method can open a new way in the 
designing of other metallic nanoparticle catalysts without further reduction. 
In chapter 2, the syngas was converted into light olefins via F-T synthesis. A Zn 
modified Fe-based catalyst was designed and prepared by using both 
microwave-hydrothermal and impregnation methods. This Zn promoted Fe-based 
catalysts were found to be favorable for CO hydrogenation to light olefins, exhibiting 
both high activity and stability. The catalysts prepared via the impregnation method, 
which contain greater quantities of surface ZnO, exhibit severe carbon deposition 
following activity trials. In contrast, those catalysts synthesized using the 
microwave-hydrothermal approach show improved dispersion of Zn and Fe phases and 
decreased carbon deposition, and so exhibit better CO conversion and stability. 
In chapter 3, the syngas was used as feed gas together with DME to produce 
ethanol. The HZSM35 and Cux-Zny-Alz catalysts were designed for ethanol synthesis in 
a dual-catalyst bed reactor. Firstly, methyl acetate (MA) was produced by DME 
carbonylation with CO on HZSM35 catalyst. Thereafter, the formed MA was 
hydrogenated to ethanol and methanol on Cux-Zny-Alz catalyst. The HZSM35 and 
Cux-Zny-Alz were prepared by using hydrothermal synthesis method and 
co-precipitation method, respectively. We also prepared Cu-doped HZSM35 by ion 
exchange method to further improve the catalytic activity of DME carbonylation.  
In conclusion, three types of high performance catalysts was designed and 
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employed for the conversion of syngas to valuable chemicals through different catalytic 











の化学反応に最適な新規触媒の研究と開発を行った。   






































  上記の内容は国際学術専門誌に原著論文３報（関連論文 3 報）として掲載
された。 
  当審査委員会は以上を総合的に判断した結果、審査論文は、エネルギー、
環境、無機化学合成、触媒科学諸分野において、学術的価値のある知見を与え
ていると判断し、博士の学位論文として十分な価値を有し、博士の学位を授与
するに値する論文であると判定した。 
 
 
